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This study analyzes the specific barriers, benefits, and challenges of the implementation process of the EMAS at Universitat Politècnica de València (UPV). As a result, some specific strategies for implementing EMAS are identified which are motivated by and adapted to the idiosyncrasies of the university itself. As consequence of the implementation, some milestones have been reached, especially in the area of operational control, as well as at the organizational level. Also notable it is the improvement in environmental awareness, training, communication and information on the EMAS to members of the university, as well as an improvement in the image of the institution in the social, business and political arenas. Finally, certain challenges have been detected and it is assumed that can be addressed using the environmental management system itself.
EMAS appears to be a good environmental management system for university campuses due to its adaptability to the complexity of university organizations and their governance structures.
INTRODUCTION
Many authors have studied the necessity of sustainable actions in modern universities, the benefits and barriers for their implementation and the methods of assessing, reporting and monitoring these actions (Alshuwaikhat and Abubakar, 2008 , Lozano García et al., 2006 , Lozano, 2006 , Lozano, 2010 , Lozano, 2011 .
With respect to sustainability, the implementation of Environmental Management
Systems on campuses is considered not only a way of monitoring and controlling operational aspects but also as a means for creating the necessary setting for sustainable practices in universities (Disterheft et al., 2012 , Jones et al., 2012 .
The European Environmental Management System, Eco-Management and Audit Scheme (EMAS) has been available to companies since 1993, but was originally Table 1 . Some strong barriers have been identified in the implementation process that may explain the shortage of EMAS implementation in Universities. Some of these barriers are related to personnel shortage and financial restrictions; other barriers are related to institutional organization of public universities, where direct taxation in implementing EMS has proven to be ineffective. Lozano (2006) also discussed the other difficulties related to institutional change and radical innovation.
Some authors (Clarke and Kouri, 2009 ) doubt the functionality of EMAS in universities as it was not specifically designed for higher education institutions and these authors therefore see other tools, like the AISHE tool (Roorda and Onderwijs, 2001 ), the Osnabruck Environmental Model for Universities (Viebahn, 2002) Savely et al. (2007) ; this study concludes that 30% of colleges and universities have implemented some kind of EMS elements, many of them related to EMAS requirements.
Another major factor to consider is the difficulty in aligning environmental issues with educational and research goals, a challenge very specific of university.
The ambiguity of benefits of implementing EMS in a university is also very closely connected with the organization chart of the public universities and the strong differences with respect to private companies. Although policy directives from the top level must be assumed by all, several academic decisions are only in the hands of faculty, departments and research institutes. A priori, the low separate decisionmaking structures complicate the EMS implementation (Clarke and Kouri, 2009) .
Nevertheless, in a recent study, Disterheft et al. (2012) examined the implementation of EMS in European Higher Education Institutions. The study concludes that EMS implementation aids in reducing environmental impact of operations and in developing competencies which lead to more sustainable practices in research and teaching. The study claims that the combination of a topdown process with participation can improve not only operational aspects but also create the necessary setting for sustainable practices at universities.
When the university organization chart is compared with private companies, it can be seen that senior management and staff roles are similar to those in industries.
However, the students and faculty roles are not comparable to any in the private sector: these stakeholders take part in the election of representatives of governance and parts of these organizations are set by quotas.
Despite all the pros and cons, Universitat Politècnica de València (UPV) has recently verified all organization in EMAS. UPV is a medium size university founded in 1975 (although some of the facilities were built in the 19 th century) that now has a student body of more than 30.000 students, (see statistics in Table 2 ).
Implementing an EMS was a challenge with such a large student population and many lessons were learned from this experience.
This paper describes, according with the experience of implementing EMAS at UPV, differences between implementing EMAS at universities and implementation at other organizations, as well as the limitations of EMAS for university campuses, the specific barriers detected in its implementation, and benefits of registration. This study should be useful for universities interested in implementing an EMS and, specifically, according to the EMAS standard.
METHODOLOGY
A literature review was conducted of publications, conference proceedings, university reports, books, website documents, and education for sustainability profiles. The ultimate goal of the literature review was the identification of the diverging strategies and practices undertaken by key players in order to be able to compare the UPV experience in EMS implementation with other university and industrial sector experiences.
Most of the data presented in this paper is based on existing documentation at UPV as a result of the EMAS implementation process. The data was collected from the archives of UPV: environmental audits, environmental policy, environmental planning and environmental statements.
Archival research was complemented with interviews, google questionnaire and surveys during 2012, which were conducted with different stakeholders: senior management, environmental officers, environmental committee and environmental contacts.
The questionnaire gathered data about the perception of stakeholders of implementing process, its benefits, drivers and internal barriers. In this study, only the part of benefits, from a qualitative point of view is published as table 6. Other results regarding to drivers and internal barriers will be published in a separated study.
RESULTS

Background and Implementation Process
At the beginning of 1990's UPV began implementation of compliance and pollution prevention processes as the first seed planted for the eventual full implementation of an EMS. The actions started with the setup of a small group of staff named "The Green Office" devoted to the control and management of solid and toxic wastes on campuses: it was the first environmental office in a Spanish university.
During this period, UPV studied the possibility of implementing EMAS as a pilot program for the verification of this system in European universities. The strategy was to certify all facilities in ISO 14001 which was considered a valid model in the 1993 version of the EMAS regulation (European Commission, 1993 The process was carefully planned in 15 phases to meet the requirements of EMAS For a more comprehensive implementation, and taking into consideration the high complexity of the organization, a network consisting of environmental contacts for each unit was created (Table 3 ). The duty of this network was to disseminate information to their community about environmental policies, collaborate in operational control and give feedback to the EO.
Another task of the EO was the performance of an Environmental Review. As a result of this review, UPV created a new version of its EPS. The environmental management structure was created and responsibilities were carried out by the Environmental Committee. This committee was composed of members of the faculty, administrative and technical staff, students and top level management.
Many of the faculty members were experts in environmental management and environmental technology.
The step described above was followed by the identification and analysis of environmental aspects of the university and their significance (see Table 4 
An Overview of EMAS implementation at UPV
For implementing EMAS at UPV three new organizational structures were created:
the Environmental Office (EO), the Environmental Committee (EC), and the
Network of Environmental Unit Contacts (Figure 2)
The EC sets the priorities of the EMS and guides its implementation. This office is in charge of implementing and maintaining the EMS. This office develops the network of environmental contacts in all units that collaborate in the implementation of EMS in departments, faculties, and research institutes. The EO also executes the actions approved by the EC and is dependent, from the hierarchical point of view, on the Vice Chancellor for Facilities.
The environmental policy statement includes the institution's commitment to reduce the environmental impact of its operations, including the areas of teaching and research. This has led and continues to lead one of the most important tasks of EMAS at UPV, prioritizing and determining the significance of the elements that influence the environment.
UPV has many specific environmental interactions, which have either benefits or risks through their operations, finances, community service, education and research (see Table 4 ). All environmental interactions are identified, monitored, assessed and recorded systematically.
UPV has also implemented a communication and transparency policy to keep employees, students and the social environment informed about the environmental performance of the university and involved in its management.
The documents of the system and their importance are usual for this kind of EMS.
The continuous improvement policy makes it necessary to adopt an annual Environmental Plan (EP) to reduce the environmental impact of the interactions.
This plan is proposed with a budget by the EC and approved by the BoG; it contains objectives and goals specifically designed to mitigate the environmental aspects with greatest significance.
Written procedures, documents and records are uploaded onto a server and disseminated to university members (including students) through the intranet according to their specific profiles. A summary of the documentation of the EMS is given in Benefits Table 6 shows benefits of implementing EMAS. These are typical benefits of implementing an EMS (improved operational control; an organization structured that fits the EMS challenges; higher levels of formation and information; etc) (Delakowitz and Hoffmann, 2000) .
A summary of environmental performance of the university is available in the 
New Challenges
Most of the challenges for improving the EMS at a university campus are the specific to a management system based on continuous improvement that is under the control provided by internal and external audit (Table 6 ). It is interesting to point out some of the challenges that are closed related to the university's idiosyncrasies (research and educational greening) and the reduction of the environmental impact of key interactions.
For educational purposes, the EMAS at UPV provides an indicator that measures the performance of the core competencies in environmental matters developed in all subjects taught. In the case of research greening, there is another indicator that measures the impact reduction of the research activities in the improvement of the environment and society (see Table 4 ). As of yet, there are no objectives and actions plans for mainstreaming environmental issues in teaching and research yet.
Nevertheless, the use of these indicators is considered a first step prior to the definition and execution of an action plan for mainstreaming environmental issues in curricula and research activities.
The role of UPV in reducing the environmental impact caused by consumption, as well as how to use green procurement to stimulate innovation in environmental technologies, products and services, in accordance with Green Procurement UE Policy is an outstanding issue (European Commission, 2008) . Green procurement is only provided at UPV in two procedures for the purchase of recycled paper and toners. Decentralized procurement makes it difficult to implement other measures.
The lack of information about environmentally sustainable products and services makes the implementation of correction measures especially difficult for this problem.
In accordance with EMAS, direct and indirect environmental aspects at UPV are assessed by considering environmental impacts produced in situ. Thus, the actions of reducing environmental impact and resulting assessments, do not consider the entire life cycle impact. The main difficulty in implementing a life cycle assessment is related to the lack of quality information about life cycle costing of products and services. This is a common problem for all kinds of organizations whose interactions are similar to those at UPV.
Another challenge that requires special attention is the necessity of the reduction of energy consumption, which not only reduces direct and indirect emissions of greenhouse gases and other pollutants, but also may result in a financial cost saving if the energy savings offset any additional costs of implementing an energy efficient technology. Improved energy efficiency in buildings, university processes and transportation is one of the most important goals planned in the EMS.
DISCUSSION
This section discusses how UPV has dealt with the implementation of the EMAS and overcome some of the barriers identified as being typical of the public university. From the analysis of the actions carried out by UPV, it is possible to identify many of the recommendations proposed by Lozano (2006) for implementing innovative actions in universities and overcoming typical individual barriers ( Table 7) . The strategies used for this have been largely motivated by the idiosyncrasies of the university itself and adapted to it. As a result, some milestones have been reached which can be considered measurable benefits of implementation.
Finally, certain challenges have been detected and it is assumed that can be addressed using the environmental management system itself.
The implementation of EMAS at a university is a unique experience-a special case of EMAS implementation in an education and research center setting-due to the differences of a university with other organizations as industries. Although due to this fact some studies request an specific EMS for universities (Clarke and Kouri, 2009) , the experience at UPV shows that EMAS is also adequate for an university campus. This fact is only possible if barriers in the implementation are identified and specific strategies are adopted.
UPV, as medium size university, is composed of a great number of different units that must be coordinated (Table 3) In the case of UPV, the decision of implementing EMAS was adopted by the chancellor during the process of a universal election in 2005, motivated by the previous experience in implementing EMS at UPV. The decision of the implementation of EMAS was ratified by electors in a democratic and direct way which made the process more participatory, most common approach in European universities certified in EMAS (Disterheft et al., 2012) . This is a substantial difference when compared with private companies, where these decisions are not necessarily endorsed by the collective, which will be the ones to make them work and will benefit from them later.
The EC composition is also quite different in universities compared to other organizations (Delakowitz, and Hoffmann, 2000) . In industrial companies the EC is made up of members of the operational units, quality department staff and the chief executive officer. In UPV, this committee represents all stakeholders (staff, students, faculty and senior management) which ensure democratic participation in decision-making. Many faculty members are part of the committee because of their expertise in environmental management, ecology, biology and environmental engineering, making the EC a group with high level knowledge in environmental issues. This variety of expertise internal to the organization at the disposal of the same for the implementation and maintenance of the system is somewhat unusual for a private company. This participatory approach complements the necessary topdown approach mentioned above, a good strategy of implementing and EMS according with the results of (Disterheft et al., 2012) .
Furthermore, there is a great quantity of environmental aspects to monitor ( Figure   4 ). Almost all potential environmental aspects are present at UPV, something unusual in a private company where the environmental aspects are very closely related to some specific operations (Delakowitz, and Hoffmann, 2000) . Once more, the network of environmental contacts is the keystone which controls the environmental aspects and feedback to the system of the information received under the coordination and supervision of the EO.
Control of environmental legislation applicable to UPV is, likewise, more complex than in a private company, because of the variety and huge number of environmental issues. This requires maintaining a constant focus on keeping the information updated and available to all units involved in the EMS. With EMAS, UPV now has a verified method that allows for the monitoring and control of environmental interactions and legal requirements.
The strategy of abandoning the original plan of certifying each unit separately came as a result of detecting duplicities that hindered the implementation process throughout the entire university. These duplicities were the result of the high level of interdependence among the various units which caused the duplication of procedures and functions, and made it impossible to define procedures and a clear and operational organization chart. UPV was ultimately verified as a unique organization wherein some operations are linked specifically to units and require special treatment. This decision reduced the complexity of organization and operational control procedures, and resulted in a better adaptation of EMAS to the UPV structure.
It is assumed that the success of the results and implementation process are achieved when the investment in resources and personnel is sufficient to undertake the project (Vernon et al., 2010) . In the case of UPV, corporate and senior management commitment was crucial, especially from the chancellor, who was entirely engaged from the beginning of the process. Considering that the election of the chancellor is held every 4 years and that the BoG is refreshed every new election of representatives of stakeholders, the strong will of top management must be maintained and reinforced by the political changes over the institution's own university. In the case of UPV, the implementation process lasted more than 3 years and it was necessary to have a strong investment in a full time staff of technicians to coordinate and execute all requirements of EMAS. The will and the stability of senior management provided the necessary institutional framework to ensure the continuity in the project.
Analysis of the actions carried out by UPV for overcoming typical individual barriers are listed in Table 6 .
CONCLUSIONS
For the implementation of EMAS at a university campus it is necessary to overcome some specific barriers which are typical of the public university. The strategies used for this have been largely motivated by the unique environment of the university itself and adapted to it. As a result, some milestones have been reached which can be considered measurable benefits of implementation.
Certain challenges, as mainstreaming environmental issues in teaching and research and green procurement, have been detected and it is assumed that can be addressed using the EMS itself.
The benefits achieved are related both to the improvement in operational control, and on the organizational level. Also notable is the improvement of environmental awareness, training, and information on the EMAS to members of the university, as well as an improvement of the image of the institution in the social, business and political arenas.
At the same time, along with EMAS implementation, internal and the external environmental communication and transparency strategies are included in the policy of UPV.
In conclusion, EMAS can be considered a good environmental management system for university campuses, due to its adaptability to the complexity of university organization, and a very satisfactory model of governance of these institutions.
EMAS constitutes an important tool among university sustainability initiatives. Increase the level of sensitizing in the students The universities' leaders must recognize that working towards SD is a necessity in the current world, where economic processes are rapidly degrading the natural and human resources upon which societies are totally and mutually interdependent During a universal election of the chancellor in 2005, the electoral program of different opponents included the implementation of EMS in the future vision for UPV.
The individual(s) that are willing to become SD champion(s) must be identified, engaged and supported with official authority and financial means. This champion or champions must receive a proper SD education and be highly motivated and skilled in educating and motivating others to also become engaged in the SD journey.
Creation of EO, EC and the network of environmental contacts (see figure  2) The university policies and strategies must be designed to holistically integrate SD as the golden thread throughout the university system. After this, the process of implementation in the five dimensions must be started with real involvement at all levels.
The following steps may be among the first ones to be started: (a) implement resource savings, recycling and green procurement via the campus operations, since this will provide quick and visible results rapidly; (b) make course and curricular changes after educating educators on the concepts, tools and approaches in SD; (c) work with research coordinators and the individual researches to help them to incorporate SD into their disciplinary, interdisciplinary and trans-disciplinary research; (d) incorporate SD into all outreach activities; (e) establish clear goals, objectives, indicators and methods for easy assessment, reporting, analysis and comparison and (f) use the reports and related information to accelerate the incorporation of SD among all university stakeholders.
(a) operational control;
(b) and (c) effort in mainstreaming environmental issues in teaching and research;
(d) environmental statement;
(e) environmental plans;
(7) internal formation and sensitizing actions
The university should ensure continuity within a clear and transparent framework and a long-term plan for institutionalization of SD.
Environmental policy statement.
Establish a high level SD coordinator position which is empowered and funded to ensure SD continuity.
EC and EO included in organizational structure (see figure 2) Verify that SD is included in the five dimensions (curricula, research, campus operations, outreach, and assessment and reporting).
All dimensions are included in EMS although curricula and research are still to be developed fully Perform thorough and regular assessment on where your university stands on the five dimensions and compare with your plan's goals. By detecting the individuals, departments and centers that (a) are the most eager to work with SD, and (b) the most reluctant will help to detect the innovators and laggards. The first ones can be used as multipliers by educating the educators, and the last to be able to detect the highest change level and take the appropriate measures.
Regular audits and environmental plan revision
Plan and implement regular reporting of campus SD achievements. Environmental statement repots EMS at university yearly. Online WEB and intranet communication assure continuous flux of information with stakeholders
